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ABSTRACT 
This report describes work leading to improved lithium cells. The 
means for improvement mostly involve the use of crucible grown silicon, 
reduced boron diffusion cycles and the use of lower temperature lithium 
cycles (below 400OC) with correspondingly longer diffusion times - up to 
8 hours. Detailed evaluation of the lithium concentration, both near the 
back surface and near the P/N junction, has led to better understanding 
of the differences shown by oxygen-rich (CG) and three forms of oxygen- 
lean silicon, It i s  now possible to provide adequate lithium in  1 X 2 cm 
cells for several l ikely missions and to obtain medium yields for A M 0  
maximum power output over 30mW for CG silicon, and over 29mW for 
Lopex silicon. 
Future work i s  aimed at backing up the high level of empirical performance 
with understanding of the detailed effects of lithium in  the cell structures. 
... 
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1.0 INTRODUCTION 
The present contract continues development of high efficiency 
solar cells using lithium doping to maintain high output in  the charged 
particle space environment. 
In this quarter, more work showed that reduced interaction with 
Also, tests boron sources gave better cells with oxygen-lean silicon. 
were carried out using a single drive-in lithium diffusion with a range of 
lower temperatures and corresponding longer times. 
2.0 TECH NlCAL DISCUSSION 
2. 1 BORON DIFFUSION METHODS 
Modified BCI3 cycles, using shorter tack-on times, or the use of 
BBr3 as a source material, have continued to give cells of increased 
output when oxygen-lean silicon was used, 
Figure 1 shows the variation of lsc, 1450 and Voc for three forms 
of silicon for various boron diffusion conditions, in  all cases after a 
I i th ium redi s t r i  but i on c ycl e. 
Figure 2 shows the same parameters, this time following a drive-in 
lithium schedule. The behavior usually seen i s  better shown in Figure 2. 
Voc shows small variation with the boron conditions for CG silicon, 
whereas for non-CG silicon Voc decreases at longer BCl3 tack-on times. 
lSc behavior i s  also affected by variations in diffusion or coating 
variations, but the differences can be seen in  Figure 2. 
at 1450 include diFferences in  both Is, and Voc. 
The changes 
Several larger runs (-50 cells) using different ingots were made 
using reduced BC13 tack-on times. 
Figure 3 shows typical yield curves. Here, only three points (596, 
50%, 95%) of the abscissa of the cumulative yield curve are shown, 
with corresponding P max values. 
The FZ ingots show more variation for a given lithium diffusion, 
and s t i l l  have lower output than CG silicon ingots. 
values exceed those obtained with FZ silicon using the earlier BC13 
conditions. 
However, the P max 
Figure 4 i s  a log-log plot of capacitance versus reverse voltage 
for the ingots plotted i n  Figure 3. For the drive-in diffusion (425OC - 
90 min.) there i s  more ithium near the P/N junction for the FZ ingot, 
! 
The near junction concentration i s  not very much affected by the 
redistribution cycle for CG silicon, but causes a large decrease for 
FZ silicon. 
2.2 LITHIUM INTRODUCTION 
The lithium cycles shown in  the previous section (425OC - 90 min. , 
with or without redistribution at 425OC - 120 min.) were used to allow 
direct comparison between the earlier BCI3 method and other boron 
methods. 
In addition, more tests were run on drive-in cycles using 
temperatures below 425OC, with corresponding1 y longer diffusion times. 
It was expected that these cycles would result in lower concentration 
gradients of lithium in  the cell. 
lithium distribution after such cycles showed that both the average 
concentrations and the gradients were not as expected. 
However, detailed measurement of the 
One test used cells made from two forms of silicon (CG and Lopex) 
and five lithium diffusion schedules, namely 425OC - 90 min., 4OOOC - 
90 min. , 375OC - 180 min., 350°C - 300 min. , and 325OC - 480 min. 
These cycles were chosen to have similar (Dt) products, the last three 
cycles being closely matched. 
Figure 5 shows how the I, and Voc varied for the two silicon forms, 
As the diffusion temperature was decreased , I, increased for both forms, 
whereas Voc remained steady for CG silicon and decreased for Lopex 
silicon, 
Figure 6 i s  a capacitance voltage plot showing the steady increase 
in  slope and decrease in  capacitance for both forms of silicon as the 
temperature was decreased. 
variation for both these parameters. 
Lopex silicon showed a wider range of 
Probe measurements were made on typical samples and the results 
Here the donor concentration profiles for the five appear in  Figure 7. 
schedules are shown for CG silicon. 
both back and front surfaces, falls steadily with temperature. 
The concentration of lithium, near 
Figure 8 shows a similar sequence for Lopex silicon except that the 
back surface concentration and the concentration in  the bulk of the cell 
are much lower than those in  CG silicon for comparable lithium diffusion 
conditions. 
Next, the donor concentrations near the P/N junction were explored 
by capacitance measurements ad Figures 9 and 10 show 
the two forms of silicon. CG silicon has lower concentrqtion 
2 
2.3 
2.3. 1 
2.3.2 
2.4 
at the junction and larger gradients near the junction for both forms of 
si1 icon. The concentration at the junction decreased as temperature 
decreased, Qual itativel y, the measured concentrations account for the 
measured lSc values but more work i s  needed to explain how lithium 
concentration affects the current. 
CELL SHIPMENTS 
S h i pmen t C- 1 0 
Al l  three forms of silicon crystal growth (CG, Lopex and Float Zone) 
were used, with two separate BC13 tack-on times (2 and 8 min.) and a 
drive-in lithium diffusion schedule (425OC - 90 min.). 
Figure 11 shows the I-V variations in  the groups. The 2 minute 
tack-on samples gave fairly good cells for al l  groups. 
Figure 12 i s  the log-log plot of capacitance voltage for 6-10. 
For the same lithium schedule, the slopes of these curves increase from 
FZ - Lopex - CG, and show more lithium near the P/N junction for 
non-CG silicon. 
Figure 13 shows the cumulative yield for C-10. 
Shipment C-11 
This shipment was specified following the I ithium diffusion tests 
described in  2.2 above. 
fol I ows: 
Four groups of 60 cells are i n  process as 
(a) 
(b) 
(c) 
(d) 
CG silicon, BC13 tack-on time 4 min., lithium diffused 325OC 
for 480 min. 
CG silicon, BC13 tack-on time 4 min., lithium diffused 375OC 
for 180 mine 
CG silicon, BBr3 diffused lithium diffused 325OC for 480 min. 
Lopex silicon, BCI3 tack-on time 4 min., lithium diffused 325OC 
for 480 min. 
OTHER TOPICS 
Lithium evaporation tests continued. Good cells were made but 
the uniformity was not good. 
The etch pit  studies have not led to definite conclusions yet. 
Cells with AI contacts were made and were satisfactory electrically 
and wil I be tested environmental I y. 
3 
A summary of the work to date i s  being prepared for presentation 
at JPL later this month, 
3.0 CONCLUSIONS 
Empirically, the lithium solar cells made in  this period have been 
very satisfactory. 
less lithium in  the cells than before but it i s  felt that a suitable cycle 
can be chosen to give adequate concentration. 
tions the output power of the lithium cells equals (or can exceed) that 
of the best current N/P cells. 
The longer time, lower temperature cycles provide 
At these low concentra- 
More work i s  in  progress to understand the detailed effects of 
lithium on pre-irradiated cell properties to backup the good empirical 
control now available. For the cases when the recovery rate of CG 
silicon i s  too slow, results with Lopex silicon encourage continued 
work with this form of silicon growth. 
4.0 RECOMMENDATIONS 
Quantitative tests wi l l  be Continued to understand the effects of 
lithium on cell properties. 
In the near future larger tests wil l be made to characterize lithium 
cells in a reasonable range of environmental test conditions. 
5.0 NEW TECHNOLOGY 
The work described has been application of already existing 
technology and therefore i s  not classified as new technology. 
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Figure  4 Capacitance v s .  voltage f o r  var ious ingots,  reduced B C13 tack-on t i m e s .  
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Figure  6 .  Capacitance vs  . voltage for var ious lithium schedules ,  Lopex 81 CG si l icon.  
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Figure  1 2 .  Capacitance vs  voltage for 3 types of si l icon & 2 BCl3 tack-on t imes  e 
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